This paper details the construction of a weather vane for the measurement of wind direction in field situations. The purpose of its construction was to analyse how wind direction affected the attractiveness of an insect pheromone in a dynamic outdoor environment, where wind could be a significant contributor to odour movement. The apparatus described provides a cheap and easy to construct alternative to commercial wind vanes, and was shown to provide accurate and continuous measurement of wind direction.
Introduction
Physicists in educational institutions are often Q.1 called upon to assist in other disciplines. One such example of a fruitful collaboration is described here. It involves a novel application of a simple potentiometer to solve a problem involving wind direction measurements and serves to illustrate to students how physics can be treated as an applied subject. At A-level, students often study biology and physics together, and this simple example of a circuit application demonstrates to the student more interested in biology how physics is of great value to them. This study arose from research into the attraction of insect pheromones in an outdoor environment. The importance of wind direction in insect orientation to an odour is well established both in artificial wind tunnels (Cardé 1984) and in natural outdoor environments (Elkinton et al 1984) . In order to ascertain the effect of wind Q.2 direction on the attractive range of an odour, it was necessary to continuously measure the direction in which the wind blew over a number of days, which required the development of specialized apparatus.
Commercial wind vanes used for detailed studies of this nature are often prohibitively expensive, ranging from £100 to £1000 at the time of this paper. Our laboratory does not have such a device and thus we devised a methodology for constructing a piece of apparatus quickly and cheaply. The device presented here is easy to make and requires very little by way of equipment. In addition, commercial wind vanes often require mains electricity, and cannot log data for long enough periods to support longer term field research. We therefore provide a cheap alternative, which is more flexible and suitable for a field scientist, whilst still providing the level of accuracy required for precise determination of wind direction.
Methodology
Our device is based on a simple volume control type potentiometer. As the spindle turns, the voltage on the middle terminal changes 0031-9120/13/000000+05$33.00 c 2013 IOP Publishing Ltd accordingly. In this way the position of the weather vane mounted on the spindle is converted to a voltage and can be measured linearly based on the degree of orientation. It must be noted that there is a dead section in the potentiometer resistance (figure 1), but this is always in the same position and therefore still provides positional information. Figure 1 shows how the output voltage changes with the rotational position of the vane. Use Figure 2 shows the completed instrument. The output is by way of a jack socket which enables connection to a data logger. The device is switched on using a single pole single throw switch and in the on state draws 8.2 µA. A light emitting diode (led) draws of the order of 350 mA and so a push button switch is connected in series so that the led is used to indicate the on/off nature of the device only when the button is pushed. A small plotting compass is attached to enable the device to be oriented correctly. The data collected on the logger can be converted to wind direction using the data in table 1.
Construction
A standard potentiometer has resistance to twist and usually has a stop position at one angle so that it cannot move round and round continuously. These two properties need to be negated. Figure 3 shows how to open the potentiometer by bending back the retaining strips. The can at the base is first removed. Inspection of this can, figure 4 , shows a lug that prevents more than 360 • rotation. This can be hammered back into position, as shown in figure 5 . Next, the whole assembly is disassembled, figure 6 . Figure 7 shows a region of the spindle thickly coated in a high viscosity lubricant. This lubricant should be wiped off and the section of the spindle should be sanded down to reduce its diameter, as shown in figure 8 . The now free running potentiometer is reassembled.
The components are mounted to a box as shown in figure 2 and connected according to 2013 P H Y S I C S E D U C A T I O N 3 Figure 6 . The potentiometer components disassembled. the circuit diagram in figure 9 . The materials and costings for all components are also shown in table 2.
Q.4
A piece of copper tubing with internal diameter matching the spindle of the potentiometer is cut to a suitable length and the tube is fitted onto the spindle by tapping with a hammer. The protruding section is flattened in a vice. A piece of Correx R plastic is cut to shape and the straight edges are reinforced with an A4 spine bar and secured to the flattened section of the copper tubing using a hot weld glue gun. 
Conclusion
Field trials showed that the device provides the necessary information and the data fit well with the expected behaviour of the insects in the trial. In addition, this device could be used for numerous other applications in both teaching and research, particularly for institutions with limited resources or restricted access to suppliers. 
